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PROBLEM TO BE SOLVED: To provide an ultraviolet 
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respectively. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The diamond ultraviolet-rays light emitting device characterized by having the 1st and 2nd 
electrodes which touch the semi-conductor diamond layer which added B, the dielectric layer which 
it is formed on this diamond layer and specific inductive capacity becomes from the ferroelectric or 
high dielectric which is 30 or more, and said diamond layer and said dielectric layer, respectively. 
[Claim 2] The diamond ultraviolet-rays light emitting device characterized by having the semi- 
conductor diamond layer which added B, the 1st and 2nd dielectric layers which it is formed in both 
sides of this diamond layer, respectively, and specific inductive capacity becomes from the 
ferroelectric or high dielectric which is 30 or more, and the 1st and 2nd electrodes which touch said 
1 st and 2nd dielectric layers, respectively. 

[Claim 3] The diamond ultraviolet-rays light emitting device characterized by having the dielectric 
layer which specific inductive capacity becomes from the ferroelectric or high dielectric which is 30 
or more, the 1st and 2nd semi-conductor diamond layer which the laminating was carried out to the 
both sides, respectively, and added B, and the 1st and 2nd electrodes which touch said 1st and 2nd 
diamond layer, respectively. 

[Claim 4] The diamond ultraviolet-rays light emitting device characterized by having the 1st and 2nd 
electrodes which touch the dielectric layer which specific inductive capacity becomes from the 
ferroelectric or high dielectric which is 30 or more, the semi-conductor diamond layer which the 
laminating was carried out to one field of this dielectric layer, and added B, the n-type- 
semiconductor layer by which the laminating was carried out to the field of another side of said 
dielectric layer, and said diamond layer and said n-type-semiconductor layer, respectively. 
[Claim 5] Said dielectric layer is a diamond ultraviolet-rays light emitting device given in claim 1 
characterized by thickness being 10A thru/or 1 micrometer thru/or any 1 term of 4. 
[Claim 6] Said dielectric layer is a diamond ultraviolet-rays light emitting device given in claim 1 
characterized by consisting of one sort of ingredients chosen from the group which consists of 
barium titanate, PZT, PLZT, strontium titanate, and lithium niobate thru/or any 1 term of 5. 
[Claim 7] A diamond ultraviolet-rays light emitting device given in claim 1 characterized by B atom 
consistency of said semi-conductor diamond layer being three or more [ 1x1 020cm - ] thru/or any 1 
term of 6. 

[Claim 8] A diamond ultraviolet-rays light emitting device given in claim 1 characterized by being 
what resonates according to said reflector and emits the light by which has a reflector in the lateral 
portion of said diamond layer, and induced emission was carried out in said diamond layer thru/or 
any 1 term of 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the diamond ultraviolet-rays light emitting device 
which emits light efficiently in the ultraviolet rays of high brightness especially about the diamond 
ultraviolet-rays light emitting device used for optical measurement, sterilization, medicine, 
information processing, etc. 
[0002] 

[Description of the Prior Art] A diamond is excellent in thermal resistance, and although it is the 
description that an energy gap is as large as 5.5eV and it is usually an insulator, it can be semi- 
conductor-ized by doping an impurity. Moreover, while dielectric breakdown voltage and saturation 
drift velocity of a diamond are large, it has the outstanding electrical characteristics that a dielectric 
constant is small. It is expected using such electrical characteristics that a diamond will be used as 
the electron device for an elevated temperature, high frequency, high electric field, or high power 
and an ingredient of a sensor. 

[0003] Moreover, the application to the X-ray aperture and optical material which used high light 
transmission nature and a high refractive index for the application to the heat dissipation substrate 
ingredient using the application to the photosensor and light emitting devices also corresponding to a 
short wavelength field, such as ultraviolet rays using the energy gap of a diamond being large, and 
thermal conductivity being large, and the specific heat being small and the application list to the 
surface acoustic wave device which used into the matter the property of being the hardest etc. is 
studied. Furthermore, the diamond is used also for the antifriction section of a tool. 
[0004] as the approach of forming artificially the diamond which has such an outstanding description 
- CVD (vapor growth) - the approach of doping impurities, such as B, and forming a p type 
semiconductor diamond into the approach of forming a diamond thin film by law and a diamond, is 
conventionally well-known. And the technique of the ultraviolet-rays light emitting device which 
used the diamond formed in JP,7-307487,A (henceforth the conventional example 1) and JP,10- 
8 1591, A (henceforth the conventional example 2) by doing in this way is indicated. 
[0005] Drawing 10 is the sectional view showing the short wavelength light emitting device of a 
publication for the conventional example 1. As shown in drawing 10 , the short wavelength light 
emitting device 100 consists of a 1st diamond layer 102 which consists of a p mold diamond of low 
resistance with which B was doped, and a 2nd diamond layer 103 which consists of a diamond of 
high resistance from the 1st diamond layer 102 formed on this 1st diamond layer 102. And the 1st 
metal electrode 104 is formed in the inferior-surface-of-tongue side of the 1st diamond layer 102, 
and the 2nd electrode 105 is formed in the predetermined field on the 2nd diamond layer 103. The 
1st diamond layer 102 and the 2nd diamond layer 103 are formed by each in the cathode 
luminescence spectrum in a room temperature with the quality diamond with which recombination- 
radiation observation of the exciton is carried out. 

[0006] When a negative electrical potential difference is impressed to the 1st electrode 104 of this 
short wavelength light emitting device 100 at forward and the 2nd electrode 105, the electron in the 
Fermi level in the 2nd electrode 105 passes the 2nd diamond layer 103 through devices, such as 
tunneling, and is poured in in the 1st diamond layer 102. And this electron recombines with the 
electron hole which exists in a valence band, and emits light. When a short wavelength light emitting 
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device given in this conventional example 1 impresses the electrical potential difference of -80V to 
the 2nd electrode 105, the spectrum which has the peak of luminescence reinforcement in 
wavelength of about 238nm is obtained. 

[0007] Moreover, the diamond film can be formed by carrying out gaseous-phase composition on the 
substrate which becomes the conventional example 2 from platinum, a platinum alloy, iridium, an 
iridium alloy, nickel, a nickel alloy, silicon, or metal silicide in the diamond film and its formation 
approach of a publication, or the film, this time — the crystal orientation on a substrate or the front 
face of the film - or (1 1 1) (100) - or it is a single crystal - or (1 1 1) - or (100) the crystal 
orientation of the diamond film formed on this substrate as it is what has the inclination of 10 
degrees or less to the crystal face serves as diamond film which the crystal face (1 1 1) or (100) the 
crystal face which adjoins in a diamond film front face united. And band edge (ultraviolet rays) 
luminescence is observed by it doing in this way, carrying out gaseous-phase composition of the p 
mold diamond film on the platinum film, carrying out the laminating of the undoping diamond layer 
on it, forming the thin film electrode of aluminum by the photolithography on it further, producing a 
metal / intrinsic semiconductor / semi-conductor (MiS) junction diode, and impressing an electrical 
potential difference to the forward direction. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the ultraviolet-rays light emitting device which 
used these diamonds has the trouble that luminous efficiency is low and brightness is not fully 
obtained. 

[0009] This invention is made in view of this trouble, and a diamond is used, and luminous 
efficiency is high and it aims at offering the ultraviolet-rays light emitting device which is high 
brightness. 
[0010] 

[Means for Solving the Problem] The diamond ultraviolet-rays light emitting device concerning the 
1st invention of this application is characterized by having the 1st and 2nd electrodes which touch 
the semi-conductor diamond layer which added B, the dielectric layer which it is formed on this 
diamond layer and specific inductive capacity becomes from the ferroelectric or high dielectric 
which is 30 or more, and said diamond layer and said dielectric layer, respectively. 
[001 1] The diamond ultraviolet-rays light emitting device concerning the 2nd invention of this 
application is characterized by having the semi-conductor diamond layer which added B, the 1st and 
2nd dielectric layers which it is formed in both sides of this diamond layer, respectively, and specific 
inductive capacity becomes from the ferroelectric or high dielectric which is 30 or more, and the 1st 
and 2nd electrodes which touch said 1st and 2nd dielectric layers, respectively. 
[0012] The diamond ultraviolet-rays light emitting device concerning the 3rd invention of this 
application is characterized by having the dielectric layer which specific inductive capacity becomes 
from the ferroelectric or high dielectric which is 30 or more, the 1st and 2nd semi-conductor 
diamond layer which the laminating was carried out to the both sides, respectively, and added B, and 
the 1st and 2nd electrodes which touch said 1st and 2nd diamond layer, respectively. 
[0013] The diamond ultraviolet-rays light emitting device concerning the 4th invention of this 
application is characterized by having the 1st and 2nd electrodes which touch the dielectric layer 
which specific inductive capacity becomes from the ferroelectric or high dielectric which is 30 or 
more, the semi-conductor diamond layer which the laminating was carried out to one field of this 
dielectric layer, and added B, the n-type-semiconductor layer by which the laminating was carried 
out to the field of another side of said dielectric layer, and said diamond layer and said n-type- 
semiconductor layer, respectively. 

[0014] Moreover, the diamond ultraviolet-rays light emitting device concerning the 1st thru/or the 
4th invention of this application has a reflector in the lateral portion of said diamond layer, shall 
resonate according to said reflector and shall emit the light by which induced emission was carried 
out in said diamond layer. 

[0015] Since the band gap of a diamond is as large as 5.5eV, it reduces the lattice defect in a 
diamond crystal, and if the diamond which raised crystal quality is used for a light emitting device, 
wavelength can emit light in ultraviolet rays 300nm or less by recombination radiation. An 
invention-in-this-application person etc. uses the semi-conductor diamond layer which added high- 
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concentration B from ultraviolet-rays luminescence of short wavelength being seen from a diamond. 
Furthermore, the result which did experiment research wholeheartedly in order to form the 
ultraviolet-rays light emitting device which makes ultraviolet rays with high luminous efficiency and 
brightness emit light, Form the dielectric layer which consists of the with a specific inductive 
capacity of 30 or more high dielectric or ferroelectric which adjoined the semi-conductor diamond 
layer which added high-concentration B, and an electrode is formed in this diamond layer and 
dielectric layer. When the negative electrical potential difference was impressed to the electrode by 
the side of a dielectric, it found out that an electron hole accumulation layer (electron hole gas) is 
formed near the interface with the dielectric layer of a semi-conductor diamond layer. Moreover, 
since the hole of a semi-conductor diamond layer and the electron of a metal electrode or a n-type- 
semiconductor layer recombined intensively and so much near the interface of the diamond layer by 
the side of a dielectric layer according to the tunneling effectiveness by making a dielectric layer into 
suitable thinness, the knowledge that the efficient ultraviolet-rays luminescence of high brightness 
arose was acquired. This invention is made by these knowledge. In addition, as an ultraviolet-rays 
light emitting device, required driver voltage, luminescence reinforcement, and the manufacture 
approach can be taken into consideration, and the component structure of the 1st proper invention of 
this application thru/or the 4th invention can be chosen. 

[0016] In the diamond ultraviolet-rays light emitting device concerning the 1st invention of this 
application The semi-conductor diamond layer which added B, and the dielectric layer which it is 
formed on this diamond layer and specific inductive capacity becomes from the ferroelectric or high 
dielectric which is 30 or more, Since it has the 1st and 2nd electrodes which touch said diamond 
layer and said dielectric layer, respectively, The tunneling effectiveness of the electron which is in 
the Fermi level of the 2nd electrode by giving about a negative electrical potential difference in a 
forward electrical potential difference at the 2nd electrode arises in the 1st electrode, and an electron 
passes a dielectric layer and flows into a diamond layer. An electron hole accumulation layer is 
formed in coincidence in the field of the valence band which exceeded the Fermi level [ near / which 
touches the dielectric layer of a diamond layer / the interface ], and since the electron of the 2nd 
electrode and the electron hole of the electron hole accumulation layer of a diamond layer which 
passed the dielectric layer recombine, the ultraviolet rays of high brightness efficient in the partial 
field near [ which touches the dielectric layer of a diamond layer ] the interface can be acquired. 
Moreover, since the structure of a light emitting device is simple, it can manufacture easily and 
luminescence of ultraviolet rays can be obtained. 

[0017] In the diamond ultraviolet-rays light emitting device concerning the 2nd invention of this 
application The semi-conductor diamond layer which added B, and the 1st and 2nd dielectric layers 
which it is formed in both sides of this diamond layer, respectively, and specific inductive capacity 
becomes from the ferroelectric or high dielectric which is 30 or more, Since it has the 1st and 2nd 
electrodes which touch said 1st and 2nd dielectric layers, respectively, By impressing a negative 
electrical potential difference for a forward electrical potential difference at the 2nd electrode at the 
1st electrode The tunneling effectiveness of the electron in the Fermi level of the 2nd electrode 
arises, and an electron passes the 2nd dielectric layer, and this electron and the electron hole of the 
electron hole accumulation layer formed near the interface which touches the 2nd dielectric layer of 
a diamond layer recombine, and light is emitted in ultraviolet rays. Moreover, in the interface which 
touches the 1st dielectric layer of a diamond layer, the conduction band pars-basilaris-ossis- 
occipitalis level of the 1st dielectric layer is higher than the conduction band pars-basilaris-ossis- 
occipitalis level of a diamond layer, and since the electron near the interface cannot pass the 2nd 
dielectric layer with this obstruction, it is recombined with an electron [ near / where the electron 
hole of the 1st electrode touches the 1st dielectric layer of a diamond layer / the interface ], and emits 
light in ultraviolet rays. Thereby, the efficient ultraviolet rays of high brightness can be acquired in 
two partial fields near [ which touches both the dielectric layers of a diamond layer ] the interface. 
Moreover, although this light emitting device is electric-field mold luminescence and needs the high 
voltage for luminescence, since the RF drive is possible, very high brightness can be obtained. 
[0018] In the diamond ultraviolet-rays light emitting device concerning the 3rd invention of this 
application The dielectric layer which specific inductive capacity becomes from the ferroelectric or 
high dielectric which is 30 or more, Since it has the 1st and 2nd semi-conductor diamond layer 
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which the laminating was carried out to the both sides, respectively, and added B, and the 1st and 
2nd electrodes which touch said 1st and 2nd diamond layer, respectively, By impressing a negative 
electrical potential difference for a forward electrical potential difference at the 2nd electrode at the 
1st electrode The Fermi level of the 1st diamond layer falls from the Fermi level of the 2nd diamond 
layer, and, thereby, the electron accumulated near the interface with the dielectric layer of the 2nd 
diamond layer passes a dielectric layer according to the tunneling effectiveness. And when this 
electron wave function and the wave function of the electron hole of the electron hole accumulation 
layer formed near the interface with the dielectric layer of the 1st diamond layer lap, an electron and 
an electron hole recombine and light is emitted in ultraviolet rays. In this way, the still more efficient 
ultraviolet rays of high brightness can be made to emit light in the partial field of the 2nd diamond 
layer. Moreover, the electrical potential difference of both directions can be impressed for the 
structure where the dielectric layer was put by the semi-conductor diamond layer from both sides. 
[0019] In the diamond ultraviolet-rays light emitting device concerning the 4th invention of this 
application The dielectric layer which specific inductive capacity becomes from the ferroelectric or 
high dielectric which is 30 or more, The semi-conductor diamond layer which the laminating was 
carried out to one field of this dielectric layer, and added B, Since it has the 1st and 2nd electrodes 
which touch the n-type-semiconductor layer (a n-type-semiconductor diamond layer is included) by 
which the laminating was carried out to the field of another side of said dielectric layer, and said 
diamond layer and said n-type-semiconductor layer, respectively, By impressing a negative electrical 
potential difference to the 1st electrode at forward and the 2nd electrode, the Fermi level of the 1st 
diamond layer falls, an electronic accumulation layer is formed near the interface which touches the 
dielectric layer of a n-type-semiconductor layer at coincidence, and an electron hole accumulation 
layer is formed near the interface which touches the dielectric layer of a diamond layer. And when an 
electron passes a dielectric layer according to the tunneling effectiveness from an accumulation layer 
and recombines with the electron hole of an electron hole accumulation layer, light is emitted in 
ultraviolet rays. Since this light emitting device uses a n-type semiconductor, it can perform 
efficiently luminescence by the recombination of the electron of a n-type semiconductor, and the 
electron hole of the semi-conductor diamond layer of p mold, and can obtain luminescence 
reinforcement higher than the 1st thru/or the 3rd invention. 

[0020] Moreover, if the thickness of said dielectric layer exceeds 1 micrometer, the electron of the 
both sides of a dielectric layer and the wave function of an electron hole cannot **** a dielectric 
film, and cannot overlap, and an electron and an electron hole cannot be recombined. If thickness 
becomes thinner than 10A, it will not become the film with which the dielectric continued, but the 
part where an electrode or other diamond layers touch a diamond layer directly will be generated, 
and ultraviolet rays will stop on the other hand, emitting light. Therefore, in order to be able to make 
an electron and an electron hole recombine and to form the continuation film, as for the thickness of 
a dielectric layer, it is desirable to be referred to as 1 OA thru/or 1 micrometer. 

[0021] Moreover, said dielectric layer has specific inductive capacity as high as 30 or more, and can 
form the film further. As a dielectric used for such a dielectric layer, there are barium titanate 
(specific inductive capacity: 1500), PZT (Pb(Zr-Ti) 03 (specific inductive capacity: 460 thru/or 
3400): U.S. VA nitrone company trademark), PLZT (Pb, La) (Zr, Ti) (03), strontium titanate 
(SrTi03 (specific inductive capacity: 200)), lithium niobate (LiNb03 (specific inductive capacity: 30 
thru/or 39)), etc. In addition, a ferroelectric with specific inductive capacity high as an insulating 
layer or a high dielectric is used by this invention for forming an electron hole accumulation layer in 
the interface of the diamond semi-conductor layer and dielectric layer which added high- 
concentration B effectively using a dielectric layer polarizing, and if it is a dielectric with the high 
specific inductive capacity which has such effectiveness, it can also use dielectrics other than the 
above as a dielectric layer. 

[0022] Furthermore, in order to obtain luminescence of an ultraviolet-rays field from a semi- 
conductor diamond layer at a room temperature, it is desirable that B atom consistency is three or 
more [ 1x1020cm - ]. 
[0023] 

[Embodiment of the Invention] Hereafter, the ultraviolet-rays light emitting device concerning this 
invention is explained still more concretely with reference to an attached drawing. Drawing 1 is a 
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cross section which shows the ultraviolet-rays light emitting device concerning the 1st example of 
this invention. As shown in drawing 1 , the ultraviolet-rays light emitting device 1 concerning this 
example consists of a p type semiconductor diamond layer 2 which added B, and a dielectric layer 3 
which it is formed on this and specific inductive capacity becomes from 30 or more high dielectrics 
or a ferroelectric. And the 1st metal electrode 4 which consists of gold etc. is formed in the inferior- 
surface-of-tongue side of the diamond layer 2, and the 2nd metal electrode 5 which consists of gold 
etc. is formed in the predetermined field on a dielectric layer 3. 

[0024] Next, actuation of the ultraviolet-rays light emitting device constituted in this way is 
explained. A negative electrical potential difference is impressed to the 2nd electrode 5 formed in the 
dielectric layer 3 side in the forward electrical potential difference at the 1st electrode 4 formed in 
the diamond layer 2 side of the ultraviolet-rays light emitting device 1. At this time, since specific 
inductive capacity is as large as 30 or more, a dielectric layer 3 has large polarization of a dielectric 
layer 3, and positive charge is made the front face by the side of a p type semiconductor diamond 
layer, induction of the negative charge is carried out to the 2nd electrode side, and it can form an 
electron hole accumulation layer effectively near the interface with the semi-conductor diamond 
layer 2 of p mold. By this, the electron of the 2nd electrode 5 passes a dielectric layer 3, and is 
poured in in the diamond layer 2, recombination radiation is carried out to the electron hole of the 
diamond layer 2 very efficiently, and light is emitted in the ultraviolet rays of short wavelength. The 
energy band structure of the ultraviolet-rays light emitting device 1 can explain such a device. 
Drawing 2 is the mimetic diagram showing the energy band structure of the ultraviolet-rays light 
emitting device of this example, and drawing in which it is shown before (a) impresses an electrical 
potential difference, and (b) are drawings in which it is shown after impressing an electrical potential 
difference. 

[0025] As shown in drawing 2 (a), it is in contact with the dielectric layer 8, and the Fermi level 7 is 
larger than the top level (henceforth valence-band level) 9 of the valence band of a dielectric layer 8, 
and that of the 2nd electrode 6 is smaller than the pars-basilaris-ossis-occipitalis level (henceforth 
conduction band level) 10 of a conduction band. Moreover, the dielectric layer 8 of this example is 
larger than the diamond layer 1 1 to which a band gap touches a dielectric layer 8, specific inductive 
capacity is high and the conduction band level 14 of the diamond layer 1 1 is [ it is higher than the 
valence-band level 9, and ] lower [ the dielectric layer ] than the conduction band level 10 for this 
reason. [ of the valence-band level 12 of the diamond layer 1 1 ] Therefore, as for the interface of a 
dielectric layer 6 and the diamond layer 7, the obstruction of a band gap is formed. Moreover, since 
the diamond layer 1 1 is a p type semiconductor, acceptor level by the electron hole which can do 
only the same amount as an impurity addition is made, and Fermi level 13 is falling to near the 
valence-band level. The acceptor level of the diamond layer 1 1 of this example can be based on B, a 
with a valence-band level of about 12 electron can excite easily to acceptor level, thereby, in the 
diamond layer 1 1, an electron hole remains in a valence band and an electron hole with positive 
charge serves as a carrier. These energy levels serve as constant value before electrical-potential- 
difference impression. 

[0026] If a negative electrical potential difference is impressed to the 2nd electrode 6 of the 
ultraviolet-rays light emitting device which has such band structure, as shown in drawing 2 (b), 
Fermi level 13 of the diamond layer 1 1 falls, the 2nd electrode 6 side becomes high and the valence- 
band level 9 and the conduction band level 10 of a dielectric layer 8 incline. Moreover, also in the 
valence-band level 12 and the conduction band level 14 of the diamond layer 1 1, the energy level by 
the side of a dielectric layer 8 is high. And these energy levels serve as discontinuity in the interface 
to which the 2nd electrode 6 and the diamond layer 1 1 touch a dielectric layer 8, respectively for the 
band gap. Here, [ near / which touches the dielectric layer 8 of the diamond layer 1 1 / the interface ], 
in order for the valence-band level 12 to rise and to exceed Fermi level 13, the electron hole 
accumulation layer 15 is formed in this field. On the other hand, since a dielectric layer 8 is very 
thin, the electron 16 of the 2nd electrode 7 passes a dielectric layer 8 according to the tunneling 
effectiveness, and the electron wave of an electron 16 permeates the diamond layer 1 1 side. And 
when this electron 16 changes and recombines with the electron hole of the electron hole 
accumulation layer 15 between the bands between the valence-band level 12 and the conduction 
band level 14 which are the forbidden band of the diamond layer 1 1, the light (hnu) of the vibration 
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frequency nu equivalent to the energy difference Eg of Fermi level 7 of the 2nd electrode 6 and 
Fermi level 13 of the diamond layer 1 1 is emitted. 

[0027] Thus, it sets in the 1st constituted example. Even if it uses the semi-conductor diamond layer 
which added high-concentration B, since the forbidden band of a dielectric layer 8 is large, 
Moreover, since the dielectric constant of a dielectric layer is high, ultraviolet-rays luminescence of 
efficient and high brightness which can form an electron hole accumulation layer (electron hole gas) 
near the interface with the dielectric layer of a semi-conductor diamond layer, and the recombination 
of the electron hole of an electron hole accumulation layer and an electron produces, and is produced 
in the partial field can be obtained. 

[0028] Moreover, since this ultraviolet-rays light emitting device 1 has simple structure, the 
manufacture approach is also easy for it. Furthermore, a component can be completed only by 
forming a golden electrode with a vacuum deposition method etc. on the dielectric layer formed on 
the semi-conductor diamond layer, and it is easy to carry out thickness of a dielectric layer, and 
crystalline control. 

[0029] Next, the 2nd example of this invention is explained. Drawing 3 is the sectional view 
showing the ultraviolet-rays light emitting device concerning this example. In addition, in the 2nd 
example shown in drawing 3 , the same sign is given to the same component as the 1st example 
shown in drawing 1 , and the detailed explanation is omitted. 

[0030] As shown in drawing 3 , the ultraviolet-rays light emitting device 20 concerning this example 
consists of a p type semiconductor diamond layer 2 which added B, and 1st dielectric layer 3a and 
2nd dielectric layer 3b which it is formed in these both sides, respectively, and a dielectric constant 
becomes from 30 or more high dielectrics or a ferroelectric. And the 1st metal electrode 4 and the 
2nd metal electrode 5 which consist of gold which touches 1st dielectric layer 3 a and 2nd dielectric 
layer 3b, respectively are formed. 

[0031] Next, actuation of the ultraviolet-rays light emitting device 20 constituted in this way is 
explained. By impressing a negative electrical potential difference for a forward electrical potential 
difference at the 2nd electrode 5 at the 1st electrode 4 of the ultraviolet-rays light emitting device 20 
It recombines near [ where the electron of the 2nd electrode passes 2nd dielectric layer 3b, and 
touches the electron hole of the diamond layer 2, and 2nd dielectric layer 3b of the diamond layer 2 ] 
the interface. The electron hole of 1st dielectric layer 3a and the electron of the diamond layer 2 
recombine near the interface which touches 1st dielectric layer 3a of the diamond layer 2. Thereby, 
the ultraviolet-rays light emitting device 20 emits light in the ultraviolet rays of short wavelength 
near both the interfaces that touch the dielectric layers 3a and 3b of the diamond layer 2. The energy 
band structure of the ultraviolet-rays light emitting device 20 can explain such a device. Drawing 4 is 
the mimetic diagram showing the energy band structure of the ultraviolet-rays light emitting device 
concerning this example, and before (a) impresses an electrical potential difference, (b) shows the 
structure after impressing an electrical potential difference. 

[0032] As shown in drawing 4 (a), the diamond layer 26 Since the forbidden band is narrower than 
the 1st dielectric layer 30 and the 2nd dielectric layer 23 of the both sides respectively, The valence- 
band level 27 higher than the valence-band level 31 and 24 of the 1st dielectric layer 30 and the 2nd 
dielectric layer 23, It has the conduction band level 29 lower than the conduction band level 32 and 
25 of the 1st dielectric layer 30 and the 2nd dielectric layer 23, therefore the obstruction by the 
difference of energy ranking is formed in the interface with the diamond layer 26, the 1st dielectric 
layer 30, and the 2nd dielectric layer 23, respectively. Moreover, since the diamond layer 26 is the p 
type semiconductor with which B was added, Fermi level 28 in the forbidden band between the 
valence-band level 27 and the conduction band level 29 is falling to about 27 valence-band level. 
Furthermore, Fermi levels 22 and 34 of the 2nd electrode 21 which touched dielectric layers 23 and 
30, respectively, and the 1st electrode 33 are located in the forbidden band of the 1st and 2nd 
dielectrics 30 and 23. 

[0033] Among energy levels, except Fermi level 28, it applies to the dielectric layer 30 by the side of 
the 1st electrode from the dielectric layer 23 by the side of the 2nd electrode 21, and when the 1st 
electrode impresses the electrical potential difference from which the 2nd electrode serves as 
negative, as it shows drawin g^ (b) forward, the 2nd electrode side becomes high and inclines in the 
ultraviolet-rays light emitting device 20 which has such structure. In addition, the both sides of the 
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diamond layer 26 do not continue in dielectric layers 23 and 30, respectively, therefore the interface 
serves as an obstruction. Moreover, since the valence-band level 27 and the conduction band level 29 
other than near the dielectric layer interface of the diamond layer 26 serve as constant value, [ near / 
which touches the dielectric layer 23 of the diamond layer 26 / the interface ], the valence-band level 
27 exceeds Fermi level 28, and they form the electron hole accumulation layer 35 in this field. And 
the electron 36 of the 2nd electrode 21 passes a dielectric layer 23 according to the tunneling 
effectiveness, the wave function of an electron 36 and the wave function of the electron hole of the 
electron hole accumulation layer 35 lap, an electron 36 and an electron hole recombine, and light is 
emitted in ultraviolet rays. Moreover, in near near [ which touches the dielectric layer 30 of the 
diamond layer 26 ] the interface, the wave function of the hole 37 which was poured in from the 1st 
electrode 33 and passed the dielectric layer 30, and the wave function of the electron 38 by which 
diffusion was stopped with the obstruction of an interface lap, and a hole 37 and an electron 38 carry 
out recombination radiation. 

[0034] Thus, in the 2nd constituted example, since the dielectric layer with high specific inductive 
capacity is formed in both sides of a diamond layer, an electron and an electron hole are efficiently 
accumulated into a diamond layer, and ultraviolet rays emit light in two places of the both ends of 
the diamond layer 26 which is a partial field near [ the ] the obstruction. Moreover, a RF drive is 
possible, although it is electric-field mold luminescence and the high voltage is needed. With the rise 
of a frequency, since luminescence reinforcement rises, it can obtain high brightness as compared 
with the 1st and the 3rd example mentioned later. Moreover, the manufacture approach is also 
comparatively easy. 

[0035] Next, the 3rd example of this invention is explained. Drawing 5 is the sectional view showing 
the ultraviolet-rays light emitting device concerning this example. In addition, in the 3rd example 
shown in drawing 5 , the same sign is given to the same component as the 1st example shown in 
drawing 1 , and the detailed explanation is omitted. 

[0036] As shown in drawing 5 , the ultraviolet-rays light emitting device 40 concerning this example 
consists of 1st diamond layer 2a and 2nd diamond layer 2bs which are the dielectric layer 3 which 
specific inductive capacity becomes from 30 or more high dielectrics or a ferroelectric, and the p 
type semiconductor by which added high-concentration B to the both sides, and the laminating was 
carried out to them, respectively. And the 1st metal electrode 4 and the 2nd metal electrode 5, such 
as gold, are formed in 1st diamond layer 2a and 2nd diamond layer 2b, respectively. 
[0037] Next, actuation of the ultraviolet-rays light emitting device 40 constituted in this way is 
explained. If forward is impressed to the 1st electrode and it impresses negative to the 2nd electrode, 
the electron accumulated near the interface which touches the dielectric layer of the 2nd diamond 
layer will pass a dielectric layer according to the tunneling effectiveness, and will carry out 
recombination radiation to the electron hole of the electron hole accumulation layer formed in the 1st 
diamond layer. In this way, high brightness and efficient ultraviolet rays emit ligjit from the 
ultraviolet-rays light emitting device 40. The energy band structure of the ultraviolet-rays light 
emitting device 40 can explain such a device. Drawing 6 (a) and (b) are the mimetic diagrams 
showing the energy band structure of an ultraviolet-rays light emitting device, and before (a) 
impresses an electrical potential difference, (b) is drawing in which it is shown after impressing an 
electrical potential difference. 

[0038] As shown in drawing 6 (a), the 1st and 2nd diamond layers 49 and 41 by which the 
laminating was carried out to the both sides of a dielectric 46 have the conduction band level 52 and 
44 in the respectively fixed valence-band level 50 and 42 lists. Since this diamond layer is the p type 
semiconductor with which B was added, Fermi levels 51 and 43 are falling to the valence-band level 
50 and about 42, respectively. Moreover, a dielectric layer 46 is higher than the conduction band 
level of the diamond layer which it is lower than the valence-band level of the diamond layer which 
the valence-band level 47 adjoins since the forbidden band is larger than the diamond layers 49 and 
41, and the conduction band level 48 of a dielectric layer 46 adjoins, and the obstruction is formed in 
the both ends of a dielectric layer 46. 

[0039] If the 1st diamond layer 49 side of the ultraviolet-rays light emitting device 40 which has 
such band structure impresses an electrical potential difference by forward so that 2nd diamond layer 
side 41 may become negative, as shown in drawing 6 (b), the Fermi level of the 1st diamond layer 49 
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falls, the 2nd diamond layer 41 side becomes high, and the valence-band level 47 and the conduction 
band level 48 of a dielectric layer 46 incline. Moreover, in the 1st diamond layer 49, to Fermi level 
51 being constant value, the valence-band level 50 and the conduction band level 52 rise [ near / 
which touches a dielectric layer 46 / the interface ], respectively, and, thereby, the electron hole 
accumulation layer 53 is formed in the field to which the valence-band level 50 exceeds Fermi level 
51. Moreover, [ near the interface of the dielectric layer 46 of the 2nd diamond layer 41 ], the 
conduction band level 44 is lengthened by the energy level of a dielectric layer 46, it falls, and the 
electron is accumulated in the obstruction of an interface with the dielectric layer 46 of the diamond 
layer 41 . And the electron 54 accumulated passes a dielectric layer 46 according to the tunneling 
effectiveness, and when the wave function of an electron 54 laps with the wave function of the 
electron hole of the electron hole accumulation layer 53 of the 1st diamond layer 49 and recombines, 
ultraviolet rays emit light. 

[0040] Thus, in the 3rd constituted example, since thickness has structure which puts a thin dielectric 
layer with the semi-conductor diamond thin film which added B, the electrical potential difference of 
both directions can be impressed and, thereby, luminescence reinforcement comparable as the 1st 
example can be obtained. 

[0041] Next, the 4th example of this invention is explained. Drawing 7 is the sectional view showing 
the ultraviolet-rays light emitting device of this example. In addition, in the 4th example shown in 
drawing 7 , the same sign is given to the same component as the 1st example shown in drawing 1 , 
and the detailed explanation is omitted. The ultraviolet-rays light emitting device 60 of this example 
consists of three layers of the p type semiconductor diamond layer 2 which added high-concentration 
B, the dielectric layer 3 which it is formed in the top face and specific inductive capacity becomes 
from 30 or more high dielectrics or a ferroelectric, and the semi-conductor layer 61 of n mold further 
formed in the top face. And the 1st metal electrode 4 and the 2nd metal electrode 5 which touch the 
diamond layer 2 and the n-type-semiconductor layer 61, respectively, such as gold, are formed. In 
addition, a n-type-semiconductor layer may be a semi-conductor diamond layer of n mold. 
[0042] Next, actuation of this ultraviolet-rays light emitting device 60 is explained. Light is emitted 
in high brightness and efficient ultraviolet rays by recombining with the electron hole of the electron 
hole accumulation layer where the electron accumulated in the n-type-semiconductor layer 61 passed 
the dielectric layer 3 according to the tunnel effect, and was accumulated in the diamond layer 2 by 
impressing a negative electrical potential difference to the 2nd electrode which connects a forward 
electrical potential difference to the n-type-semiconductor layer 61 at the 1st electrode 4 linked to the 
diamond layer 2 side. The energy band structure of the ultraviolet-rays light emitting device 60 can 
explain such a device. Drawing 8 is the mimetic diagram showing the energy band structure of an 
ultraviolet-rays light emitting device, and before (a) impresses an electrical potential difference, (b) 
is drawing in which it is shown after impressing an electrical potential difference. 
[0043] As are shown in drawing 8 (a), and with a valence-band level [ of p mold diamond layer 69 
which touches one side of a dielectric layer 66 ] of about 70 Fermi level 71, and with a conductor 
level [ of the n-type-semiconductor layer 62 which touches another side of a dielectric layer 66 ] of 
about 65 Fermi level 64 turn into the same energy level, the valence-band level 70 and the 
conduction band level 72 of the diamond layer 69 are high, respectively from the valence-band level 
63 and the conduction band level 65 of the n-type-semiconductor layer 62. Moreover, since the 
forbidden band of a dielectric layer 66 is large, the valence-band level 67 is lower than the load 
electronic band level 70 of the diamond layer 69, the conductor level 68 is higher than the conductor 
level 72 of the diamond layer 69, and the obstruction by the difference of these energy levels is 
formed at the both ends of a dielectric layer 66. 

[0044] If a negative electrical potential difference is impressed to the 1st electrode of the ultraviolet- 
rays light emitting device which has such structure at forward and the 2nd electrode, as shown in 
drawing 8 (b), Fermi level 71 of the diamond layer 69 will fall, and the valence-band level 70 and 
the conduction band level 72 will become lower than the valence-band level 63 and the conduction 
band level 65 of the n-type-semiconductor layer 62, respectively. And the electronic conduction 
band level 65 falls from Fermi level 64 near the interface with a dielectric layer 66 in the n-type- 
semiconductor layer 62, and the electron 74 accumulated here passes a dielectric layer 66 according 
to the tunneling effectiveness, and is injected into the diamond layer 69. on the other hand - the 
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diamond layer 69 ~ the valence-band level 70 — an interface near [ with a dielectric layer 66 ] ~ 
Fermi level 71 — exceeding — here — the electron hole accumulation layer 73 — formation - now, it 
is. Therefore, the wave function of the electron 74 injected into the diamond layer 69 and the 
electron hole of the electron hole accumulation layer 73 laps, an electron 74 and an electron hole 
recombine, and light is emitted in ultraviolet rays. 

[0045] Thus, in the 4th constituted example, in order to use a n-type-semiconductor layer, 
luminescence by the recombination of the electron of a n-type-semiconductor layer and the electron 
hole of p mold diamond layer can be performed very efficiently, and it has luminescence 
reinforcement higher than the 1st example thru/or 3rd example. 
[0046] 

[Example] 99.99%, the 1st example platinum purity used the inorganic material ** type microwave 
CVD system on the single crystal platinum substrate with which a diameter has 10mm and thickness 
has the crystal face (1 1 1) by 2mm, and carried out gaseous-phase composition of the diamond film. 
The gas constituents at the time of gaseous-phase composition used what added diboron hexahydride 
(B-2 H6) for the methane (0.3% of methane concentration) which carried out hydrogen dilution. The 
ratio (henceforth B/C) of the atomic concentration of B in the material gas at the time of composition 
and carbonaceous atomic concentration could be 4000 ppm. Moreover, the location of microwave 
injection power and a substrate was adjusted, and substrate temperature was made into 800 thru/or 
890 degrees C. On such conditions, as a result of carrying out gaseous-phase composition for 30 
hours, the high concentration B dope diamond film the crystal face whose thickness is about 6 
micrometers (111) carried out [ the film ] bearing adjustment was obtained. 

[0047] Next, in order to form the dielectric layer which specific inductive capacity becomes from 30 
or more high dielectrics or a ferroelectric on the high concentration B dope diamond film by cathode 
sputtering, barium titanate was vapor-deposited so that thickness might become about 50A. In 
addition, PZT, SrTiO, and LiNb03 may be used as the high dielectric which forms this dielectric 
layer, or a ferroelectric. And 500A of golden grid-like electrodes was vapor-deposited on barium 
titanate by the photolithography. Then, when the platinum electrode was grounded and the negative 
electrical potential difference was impressed to the golden grid-like electrode 20V, ultraviolet-rays 
luminescence whose luminescence peak location is 250nm was obtained. 
[0048] 2nd example drawing 9 is the sectional view showing the ultraviolet-rays light emitting 
device concerning this example. First, on the field (100) of the diamond single crystal substrate 81 of 
Typella (single crystal diamond of the high grade whose impurity content of nitrogen is 1 ppm or 
less) which has the shape of a square whose one side is 3mm The inorganic material ** type 
microwave CVD system was used, the location of microwave injection power and a substrate was 
adjusted, substrate temperature was made into 750 thru/or 950 degrees, gaseous-phase composition 
was carried out and about 2-micrometer homoepitaxial high concentration B dope diamond film 2 
was formed for 7 hours. What added diboron hexahydride was used for the methane (0.5% of 
methane concentration) which carried out hydrogen dilution as material gas at the time of gaseous- 
phase composition, and B/C at the time of composition could be 4000 ppm. Besides, the 
photolithography technique was used and about 100A of one pair of PZT film 3 a and 3b was vapor- 
deposited by cathode sputtering. 

[0049] Furthermore, the sputtering system was used on PZT film 3a and PZT film 3b, the 1st 
electrode 4 and the 2nd electrode 5 which consist of gold of about 50 A of thickness were vapor- 
deposited, and the ultraviolet-rays light emitting device 80 was formed. And when the alternating 
voltage whose cycle periphery is 500Hz and whose peak voltage is 50V was impressed between two 
electrodes, ultraviolet-rays luminescence whose luminescence peak is 250nm was obtained. 
[0050] The 3rd example platinum purity carried out gaseous-phase composition of the diamond film 
99.99% using the inorganic material ** type microwave CVD system on the single crystal platinum 
substrate with which the diameter of 10mm and thickness have 2mm and the crystal face (111). The 
gas constituents at the time of gaseous-phase composition used what added diboron hexahydride for 
the methane (0.3% of methane concentration) which carried out hydrogen dilution. B/C at the time 
of composition could be 4000 ppm. Moreover, the location of microwave injection power and a 
substrate was adjusted, and substrate temperature was made into 800 thru/or 890 degrees C. On such 
conditions, as a result of carrying out gaseous-phase composition for 30 hours, the high 
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concentration B dope diamond film the crystal face whose thickness is about 6 micrometers (111) 
carried out [ the film ] bearing adjustment was obtained. 

[0051] Next, by cathode sputtering, on the high concentration B dope diamond film, barium titanate 
was vapor-deposited so that thickness might become about 50A. Furthermore, the n mold c-BN film 
of 2 micrometers of thickness was formed on this with the activation reactivity vacuum deposition 
which used the hollow cathode discharge gun. Solid-state boron, nitrogen, hydrogen, and a silane 
were used for the raw material, and substrate temperature was made into 500 thru/or 600 degrees C. 
And using the sputtering system, on the n mold c-BN film, about 50A golden electrode was vapor- 
deposited, and the ultraviolet-rays light emitting device was formed. When the electrical potential 
difference of 50V was impressed between the two electrodes of the formed ultraviolet-rays light 
emitting device, ultraviolet-rays luminescence whose luminescence peak location is 250nm was 
obtained. 
[0052] 

[Effect of the Invention] as mentioned above, the thing which you store up an electron hole using the 
obstruction of the energy level of an interface with which these touch, and is made to recombine with 
an electron since it has the p type semiconductor layer which added high-concentration B, and the 
dielectric layer which consists of a high dielectric or a ferroelectric according to this invention as 
explained in full detail — the big energy gap of a diamond — using - high — brightness ultraviolet 
rays can be made to emit light efficiently 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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ahT*S»»l«i*X{4K9l*f**^»S»l«#*i:, 

mwj^*ymmsmmmmmtt*;®.?%'% 1 

Rt>*^2«ffii:^Wr5rc46, % 1 ttfteiEOWBE*, 
^2*fis(cft©«ffi^#x5Ci:{i: t );f), ^2«fii<D7 

u^Mcioz>m?(o h y* y y?Wki$»E. * 

?*W<*^^)ijiLT^-\' : eyFS'\i3ftnjAtyo RI 
^tc, ^+^>F«OK*fMJi:»fSltiiiiifi«fc:* 
i^T, 7x;I/5U^i/*iH*fc««?flW)««i?iE?L* 

94**y FB©iE?L*«JB0iE?L k WMSW 5 
^irt>FJBOSI«ft:«fc»-r*ISiaiifi«<0jaBr 
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[0017] *m<Df&zmiK%z?j j r ; eymKm 

Rvm z mmwm t , tamm i mm z mmwrnicx* 
mzm i mm 2mm tz^tzkisb, mimm^z 
<dw£*. m2n.mm.<Dm£*mvt%ctk&*). 
m 2 mm<D7 i;i/$^wc$§t?oh^'jy^ 
mt&Vs n?tfm2Mmwm%ffi®L, cornet, io 
9 4-** y mvm 2 mmwm tmz,fiwfi.mmfiL 

%> a sfc, ^^^yvmcomimmwmtmt^m 
las^xit, m i mnwm<Dim^&i$mmwr : £ 
y vm<DBm%i& k> t, % < , fmmw&i& 
z. mmc &<om2 wmm*w&? zctffxz*^ 
tzib, m\n®<oiEfi&?'{-Y*:ym(Dmimnfcm 

mz> a c toe .to, Mttymommnwmtm 
tssiMo 2 mmvmmmmcis^xwiwmxMn 20 
i&(D$iftm®z>cttfxz% 0 $/c, aD^m^t 

[0018] JfmvmzwnK&zvj^^ymftm 
mtm^\t^x^ \mnm^z outx&z&mm 

mztiB *mn btcm 1 mm 2 ^mwv^^y fs 
t, mmmxmsmz^^^^yYm^^m^mi 
Jkxsm2 i mtttiit%rzib. m mmic jEvn&tt, 30 
m2mMicn.comE.z8vm?2>ctic&t), mit'^v 

=ey K)itD7x;i/= u^;W3?2 m\*=y FB<D7x 

?<D$ijjw&^ mi^^y¥m(omm»mt<D^ 
t£%zt\ti.<o, n.^tm.ttm^LX'mm^^ 

T'ts 0 s/c, mm&mw¥mw?'f j r ; eymic&>) 

[0019] ^mom4^mc%?,^^ymnm 
%Km?ias^xit, ttmmm&3 ou±x&z%imm 

jj<Dmicmm2tiB*®ijQLrc¥m&it'( j r : ey f« 
y YmRvmin®*mftmic**:m%m 1 mm2 50 



E^Siiip-rsciiiciO, mi PJ^tyvmcDyjDi 

mvmwm tm ^m-m^sEummmm^ 

octtfX'%, m\n^mmw&K)*>ig>\<^m$.m: 
[0020] mmmmwmoymBtf 1 ftm^is* 

tfffiHS^T-frfci/N, BWHM OA* !>»<** 
&fc, g§«ftl©^l?{il OAftSl /tmfc-rscfctf 

[0021] tit. msmmmtta«wifi3 o&± 

f-*>»^U>>A (tbgltt^: 15 00), PZT (P 
b (Z r-T i) 0 3 (ttmmm ■ 4 6 07^53 4 0 
0) :*B^r--ha>ttiS«0 , PLZT ( (P 
b, La) (Z r. T i) Oi) , W>lXfnyf 

-7A (s r t i 03 ammm •■ 2 0 0) ) st>*^7 

KUf->fA (L i NbO» (JtSfW : 3 07?>S3 

9) ) ss^fe*. j&fe, *f%wximmtLxitmnm 
BzmmLrcpj^y vy-rnwm t mmwm t ofm 

[0022] Mtc ^mw^^^yvm^muxm 

[0 0 2 3] 

VksmmSMM? 1 tt, B ^^Sp L/c p S^aSft^ 
•V^y F@2 i:, c©±fc«ja£ftJtBtt*tf3 ow± 

$nT^5 0 *LT> ^-V^y F©2iDTS(IJtc{i, 
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[0024] £<D*oicM]ttetircmHB.%9tm 

^> F«2«C®/££nfc!fH«®4(ClE©«JE£, R 

«*s 3 micB&znrcWi znm 5 ^©ttE^awn-r 

So cot*. R«{MnttJtR«¥tf3 0fcU:fc** 
vVc#k «««13©#ffi!b<**<, pm^wt?** 

ws^SBEsnr pm&PMt?'(**y fh 2 tow 

SiiS«Sfc:«i*W»ciE?L*8MI%)Bl«-r« ^ i:#T*t* 0 
cti»c «»:•), »2««5©*?j!flBi*#S3*iIiai,T 

f S„ COJ: 9 &«fttt4&lttfBftJie? 1 ©x*/i/*- 
(b) tt«E*9iinufc»%^-rigTSS. 20 

[0 0 2 5] 02 (a) fc^-f idle, £2ttfi6ti* 
i§m«8t^LTt50, ^<D7x;l/5lx^;l/7tiS§* 

wm8<Dmm?m<Dhy7miiL oar, flwy^U'w 
tv^c ) 9 &m<DtaBBfiL axT, e 

•flfu^bfcv^. ) 1 o«fcD/h«^. 
©»*«* 8 tutBmmim < . siui* ©«# kwa* 
nmt^^^yYmi i<fco/£<, u<Dfc46, ^ 
-r-v^y f« 1 1 ©««?^u^;i/ 1 2 ttfflwyafU"* 

;l/9<tyt>iSi<, ^"VtvFSl lOfi»flfU^;H 

4 1 0 j: k> m\ ^ x. mmwm 6 1 30 

^■V^y FJf 7 i:©Wffi(i/^ F^-v -y 7©KlttfJ£ 

jasnri^s. ^ttynn i»p 

T-fe 5 ©?, TOGftSttaft t pi vmt&tv 2 zmmc x 

FSl KDT^-tr^^Pfi^ BK<fc3€>©T\ 

§0 cneox^^^ffittWEBlJPWJcfclr^Ttt-S 40 

[0 0 2 6] COidfc^KfcfcfcWrsfcJWai&fc 
3R ; ?<DSB2*ff6»cft<D«E%ai4p-r*i:, 02 (b) 

3*MSTU R«i*JB8©flS«?flfU^/l/9&tfeaWf 
U^/H 0{4»2*a6»j3WS<38:oT«i*t*. S 
tc, m^FIl l ©«*^flfl/^;H 2Rtf£# 
1 4 &R«i*l8(l©x*;l/4^{itfSl< &o 

v?<Drctb, ^zmm&Ris^^^^yYm 1 i« so 
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lct-, ^ttyKii i©^m«8i:s-r?.wffi 

b^;H 3^ffi^.5/-ci6, c©{B«fcfe^TIE?lS8Wi 

»2*«7©*F1 6tthV*U>yS»*KJ:*)» 
ttftfi 8 &ffiB U *? 1 6 ©«? *V-^ y F/f 

i mj{c?ijgtT^< 0 fit, c©«^ i 6ft^>r+ 
y vm i l ©StiMS-c&sWFUfU'W \ztim 
1 4 fc©BB©^> KIHfcfcfcLTiEflJSSWI 1 
5©IE?LfclSil§£f 5Cfc£J:D, ^2tl6C7x;l/ 
5U^l/7 tfy^y FS 1 l©7x;l/5b^;H 3 
fcOx^U^-SSEgfcfflS-rSlHBlSv©^ (hv) 

[0 0 2 7] C©«fc^cLT*#Sttfcan©£«Wfc 

*ffifflLTttl*ftJI8©S±flftfl£v^*, Sfc, n 

nwmommmtm^rctb, ^m^-f^ym^m 
ex. *©sm««T*i;sK»**oj«»jiE©jfiw» 

[0 0 2 8] $fc, C©f^M»B%)K71M:«l£«tnft 

v*y m±immLrcmnftm±ic&&n®zn&m 
mmK * o jgja-r * ©ft-pjR^s^is-r zct^x 

[0 0 2 9] *lc, ^^©azC^ftflUKO^TaWfl 

ffiH"P*So H3K^f»2©IUSff!IH:fe^T, 
0 1 tc^-rm 1 ©H»J^|Hl-©igfi!cg^ti:t±|5|-(D|? 

[0 0 3 0] H3K^-TJ:3fc, ***0!Kfc5SSi1« 
^^?2 0{±, B*^i)PL/cp^a»i*^^yF 
B2t, u©Mffi{c^^^$nilttW3 0J^±©ig 
R«ftXttafiBI*(*^5«:SS 1 il«{*«3 aRt>'^2 

imi3bt*^i)Sjnw5, ^lt, mimm 

WM3 a&a'^2SI«^H3 bt^ft-TS^SS*^* 

s^ms©^ i mm 4 & tf » 2 mm 5 ^fiSc^nr^ 

[00 3 1] C©J:9t«lia*nfcSfi*MI58Jt« 
? 2 0©»imco^TI«Wr5 o JR^SfgJtJR? 2 0© 
^l«H4fciE©«E%, ^2ttfii5{cft©mJEE^9l/)P 
-TSCiKCiO, »2*«©*?*»2RBfWH3b«r 
LXit^^y h'M 2 ©EfU KJH 2 © 

»2R*{M3bfca-rs#iBifi«fcTSis£u mi 

R«f*B 3 a ©IE?Li: Kffl 2 ©tt^ 
*>F®2©^lifttft:ffl3 a t&tZRW&mcxn 
m&tZo cntckO, RiMBBtt*? 2 0 
> Fffi 2 ©RB<*® 3aM3b fcUW S^WEifi^fi: 
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t&T'ZZo H4& *£tt0!llcftS%ft&&ftX?a 
x^l/^-^yFMji^-r^HT'^oT, (a) tt 
WEfcBWirrm (b) tt«E%9lltaLfc»0«ia% 

[0 0 3 21 04 (a) k^^sk, iHttwrn 
2 6 «**^<dmiij©s?i i wmwm 3 o sms 2 mnw 
m 2 3 ck Dgibflwfc^fca, as i rv^jb 3 oRxtm 
2 mmwm 2 3 ©« 0 u-^u 3 1 &tf 2 4 «k 0 igv 10 
m?« 2 7k, mi mm&m 3 0 mm 2 r« 

#ff 2 3©e*flJU"W3 2RC/2 5 «fc Office** U 
MS 1 KftttJB 3 0 Rtfjg 2 mttl 2 3 tOMlcfix 

T*&z>tc#>, mn^u^vz 7 t&mis'wz 9 1 

2 7jfiflHCffiTl/ri^*. IIC> S§«W12 3Rtf3 0 
Kl**SUfc»2*S2 lRtfSBlWS3 3<D7x;l/5 20 
U^I/2 2Rtf3 4ttJBiat«B2BWft:3 0, 2 3© 

[0 0 3 3] CO*9**Ji*WrSjll^«««3R : ?2 
0(C, »l*tt*<iEl»»2«S*<ftk!8:S«£E%9lJat 
Sfc, 04 (b) fc^fcfc^tc, x.Z/UfU^/KD?*, 
7x^5 2 8 fitfNiS 2 2 1 $J©S§SWf 2 

3 frSJS 1 «I{i©R«<*Jf 3 0 ICfrlfXy m 2 ««i<|J 
#SKfcoTia*M-S. ^^yFi2 6C0M 
llJ(i*<<?Rftfl«2 3, 3 0ktta^LT*3^ fto 

T, ^OfHBttKSfcfcoTVS. *fc, ^t^yK 30 
€ 2 6 ©RWMWffiififcJWOffltfffl* U'W 2 7 R 
tfe#*l^l/2 9tt-j£iS4:*o-CVSfci&, 

YM 2 6 ©S§«{*« 2 3 £«T SWffijfi&fcfc^ 
T, flBttPflfl/^/l/2 7# ! 7x;l/=U^;U2 8*±@ 

t, mzwfaz i 3 6 *< f y* y ytmmz <fc 9 

Sf«Wl2 3£jIi§U «?3 6©&®]|HS!(i:, JE?l* 
«jf 3 5 0iE?LOiHftli»t3yfift*), 3 6 £IE7L 

12 6 Qftftttfi 3 0 fcft-T Siraififtttififcfc^T, 40 
If? 1 «@3 3frF.i£A$nH«ttJi3 OfciffiSUfc*- 
/U3 7 0ftiiW»i:, #ffiOI*BfcJ:oTifcttffiL*S 
n/ta^3 8<D&iftK$ti:*<fifct)> *-;i/3 7tif 
3 8i:#SilS£f£tttSo 

[0 0 3 4] i!OJ:^cM$n^2(D»|lcfe^ 
*^$nT^5fc46, ^V+tyFJBrtlcWFRtflE 
i^T'feS ^-V^y FJB 2 6 cQPiiSSSScD 2 SffifCfc^T 
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^st-rsA^ *H»H»#«fl£-e&*. j§&&©± 
nmk%.ffim.it±.mztcv>. m 1 

[0 0 3 5] #fC, *«W<D»3 0*«WtO^TBiW 
0T*&3 O 05tC^-r^3CDllSgWC*3^T, 0 

[0 0 3 6] H 5 

n^n? 4 o itmnmtfi 3 0 

BI«{t:»64:«ll«iM 3 t. *<D«iBfc**SE»lt© 
B*»4nUT«Ji«nfc pi!¥ilW*"efcS3! l $r-fir* 
aRt>*^2^V-\'^>K«2 bfcA»6«l*«n 
T^5, f LTv !gl WW>K12 aRtfS2^ 

fa 2 b {ctt^^^nco^jsscom i mm 4 Rt>* 
[0037] ^{c, cco^o icmdtznrcmm&ftytm 

ft-r *ffiB2t«k:«««nfc«^ h >^ y ymmc 

n^o ^v>&o imm\mmmtm- 4 0 ©x^;i/^ 
-^yvmmicxoffimtzziitfxzzo 06 (a) 
&t>* (b) imftB%ytm¥<D*%)i#-^ym&z 

^-r^S0T*«oT, (a) ««E*Eniin-r5tu, 
(b) fi«E*91inLfc»*^tH-PSS. 
[0 0 3 8] 06 (a) tC^-TJ;5{Cs S§«^4 6©S 

1 ti*4-£©{ffim?^l^/l/5 0M4 2Mt>'(C{5# 
^U^;l/5 2Rt>*4 4£*rLTV5 0 lO^WK 
etiBTb^P^n/ip^^T'^Sfc^ ffitt?mt/ 
^;I/5 0Rt>"4 2ifi®$T**>er7x;l/5l^U5 iRt>' 

K«4 9Rtf4 1 *0»±fif*<j£^fcii), 

;i/4 7^g-r5^*-Y^^yFS©ffi*^mu^cfco 
fg<> R*ftJi4 6ofiw»u^;i/4 sttms-rs^ 

[0 0 3 9] F*S**TT**$MiB« 

If4 0oii PJ-v^yvm 4 9 WiET\ m 2 ^"-r 
•Vt>F/ifil4 l3^ftkft*«k5fc:«E%9iJ!iDt*i:, 
06 (b) ic^-r«k^{c, m 1 ^-Vty FJB4 9©7 
x;U5U^;WfiTL, R«i*« 4 6 ©fifi«?^ 

4 7 SD'fiaS^ 4 8 Itm 2 P^V*: y FS 4 1 DO 
ffK<&oTlS»-fS. SBl^-r-Vt>FJH4 9 

Rmi4 ekS-r^ffiifiG^cfc^r, iitt^u^ 
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/I/ 5 0 5 2 tf**±.¥t U £ tlic <£ 

^fC*3^TE7LS«®5 3«?nS„ g?2 
^-^V KJI 4 1 ©R«WI 4 6<DWffijfi^fC^3t/^T 

6 fiWflfU^I/4 4*<R«f*B4 6©x*;U4 ! »Pffifc: 
3lft*VtffiTU m*yF14 1 OSSttttJI 4 6 £ 

>K14 9 <DIEiFLg}«JI 5 3©IE?l©i£S)l!8gS(£:a&o 10 
[0 0 4 0] C©£3fc*JSSftfc£3 0HifilWfcfcl^ 

[0041] ^jfc, *3m<Dm4<Dnmmfc-D^?mw 

T*&S 0 a*, H7fc*fS!4©iaM!t»^T, 01 

JWf 6 o «u ftitft® B %$ftn L/c p S^NK*^* 
*^Kl2i:, *O±BifcJBjasftJ±8M*tf3 0tt± 
©KR*ftXtt3i«»flW*3!)^*59l«*«3i:» Wit* 

©±ffifc#rtsnfcna0*HWt*6 1 ^©3S^e.^ 
fig^nri/^o *i/c, ^^yKJ^&tfnS^ji 
<*ji 6 1 K*««-r «&^©ifejB«©a i as 4 

[0 0 4 2] C©jRmiajfc«?6 0©ilfffc:o 30 

^TJMH-r*. 9^f^y mzMimtit-rzm 1 ««s 

LT^^y KJI 2 IcWmZftfciEllWmmcDJEILt 

oT, (a) ttWEfcBUwrsffl}, (b) tt«E«9liP 40 
[0 0 4 3] 08 (a) K^t <fc 5 i§ttftJl6 6© 

7 0i£®£D7x/l/5U^W 1 t, mMWE 6 6 cOftilT^ 
K8r*nS!iNWMB6 2<Dfi#ftl^;l/6 5j£$<D7 

4 £tfl^-<Dx*;l/#L^rt4C&§,i: 

7 2 li n A 6 2 ©WFHJ U^;l/ 6 3 

&tffi*WU'W6 5*9*<«r»<aoTl,v5 0 
Rm»/S6 6©£litflK4j£^fca&* ^<D<iBi«^U^;U 50 
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6 nt^^yvme 9©M«?^^i/7 Ocfcoffi 

-<;U7 2 c fc0il;<=5:oT*3tl> Rtt&Jf 6 6 ©PMBtft? 

sent. ©x*;i/4? u^i/ontc <fc s nr 
[0044] £<D£?%®mzG?zmnm : %ytm?e) 

(b) tc^f J;?^ ^t€>KI6 9^7i;Rl/ 
-OW l WL, tt*?»U''W7 ORtffiiUffU^ 
;U 7 2 #5*; 4 n §9¥*{*J1 6 2 ©ffi«? W 6 3 R 
tffi*flH^;l/6 5«fc»)ffi<fcS. f LT> n£mW* 
Jf 6 2 4>T'«?<D{e*I?t? U'W 6 5 6 6 t<D 

WKfi^fCT 7 x;l/ 51^/1/6 4 .fcDffiTU CCfC* 

»«nfcta? 7 4 # h ij y mmc <fc D^mfcs 6 

6%aau jH^yYms 9tc}£A^n5o —7?, 
^■V* > KB 6 9 T'tt, filfi*?^ 7 0 SPttt 
Jl6 6fcOHSBifi«fcT7x;l/5U^;I/7 l%iHA, C 

y Fg 6 9 tcftASttfctt? 7 4 £ IE?Lg«Jl 7 3 ©IE 

[0 0 4 5] c©J:3K:«ltf£ftfc!M©£»fllfcfcV'' 
¥b pmMttyVlBHDiEILtvmS&KZZfim: 

[0 0 4 6] 

Kttffii] a s i 

a^fi^9 9. 9 9%, figtfl 0 mm, »S*«2m 
mT\ (1 1 1) ^ffi^t§**g B a B e^StS±(C 
S8»BWSOV^^DKCVD«B*ffifflLT, 

mftHRLrcttty (*?ymmo. 3%) \z^=>y 

Ct^dc ) S4 000ppmi:U;o $fc, v^T^p 

&mxmtimmmiiLmzmmLTmffiRmz8 0 0 

7!»M8 9 0X:i:bfco c©«fc5ft*ft"e, 3 0«rB«ffi 

smnmLrcmzk, mmimeume (in)g B a a 
ffi^fflS^LfcjSffiigB Y-7?'f J r*ymt>m<b 

tXtCo 

[0047] ^t, x^-y^y v^»{cj;t), iHigje 
*?ym^vyhZf&mtf®5 0 kicftz&oicmmL 

i*i:LT{i, PZL S r T i ORD'L i NbOs^il 
t>c<D^«1S^^^yK^U -7A±fc 5 0 0 AsB»Lfc. 
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£2 0V9]JraLfctC3, fgftfcf-^&Stf 2 5 0 nm 

[00 4 8] &2mmm 

%><, 9cf, lffltf 3mmOIE#Sire&STypeI la 

(mm<D*m.V!)$%mtf \ p pmixrxhzmnmvm 
(ioo) ffi±tc, itwsfSov^^pffic vdsb 

L. SSSSE^ 7 5 07!jS9 5 QfM.t L, 7 8^,^*8 10 

^*Sl)lbT^ 2 m mo^xtr^+^+;Uii;iag B 
K-T^v-^y m 2 «£Lfc„ ^ta-&^<D^ 

%) {c^7>*^J!raLfcfecD*$fflU £j£B#?)B/ 
CfcUOOOppmfcLfco C<D±K, 7*hUV^5 

PZTH3 aRU3 b*mi 0 0 Aa&SLfco 
[0 0 4 9]M(C, PZT13 a &t/P ZTI3 b±tc 
;VW2l>:/^gfiSHIfflLT, JHJS&5 0AcD£fre> 

*5mi*<i4at;m2«ii5^»L, mumxM 20 

f80Wl/c, -?-L-r, p W^cJSKjgtf 5 0 0 

[00 5 0] m3mmm 

a^fi^99. 9 9%, Kill 0mm, JP£tf2m 

m , din *s B B B ffi^#-r5#*s B B B e^s«±(c, & 

a^SfSOV-r * nK C V DgS^ffl LT 2V -Vt V 

MLfctzy {tzym&o. 3%) iziy^yy^mu 

LfctO*ffifflLfco ^J*«FOB/Cfi4 00 0 ppm 30 

MLTS«fifi£8 0 0ftS8 9 orfcLfc. C<D£? 

6/im©(lll) «SiB*%ffilE^bfe»»fiBF- 

[0 0 5 1] X/Vyjty^jroWc^O, 

*^5 0Afc^S«fcd{c^Lfco Sfc, c©±fcJitJS 
2 fimOnS!c-BNM«:*D-*y-KSWt^>*fl; 

«5 0 07!)56 0 0lCi:L/co ^ Lt> T.A-y^UV?" 
2SB£<£ffl LT n S c - B N M±fc:tt 5 0 A 

^?©MSffiratc5 0V<DttE«:ffli!lOL/-ci:C5, 58 
ftfcf-^ffiBtf 2 5 0 n m®SB'M6SBW»6n;fc. 
[0 0 5 2] 
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«&* «fc < C T?t 5o 

[0fficD®J£&tHHB] 

_[0 1 ] *§m<Dm 1 O$fll0i|{cfi.S«nttlS^3R7« 

[02] *£9§0Sg 1 OH*«UK«<&IRn«SSJt« : ?0 
x*;I/*-/<>F«BS**-r«SHT*oT, (a) « 

«E*aiiin-rsw**-rH, (b) tt*EE*aiinbfc» 

[03] *^cDm2(D^MiJ{C^^^^^^ 
;jrr»fi50T*&S„ 
[0 4 ] 2 ©^ftflJtefliSJfiflf^e*? O 

^%ji¥-svymmz*tm&mv&?x. (a) a 

«BE*9«nrt-*W**-rH, (b) tt*E*01tabfcft 
£*-f0T*2&5 o 

[0 5] *IIWOa3 0*«i«!ltC«*jfin««JtiS?* 

[06] *%m<om3<DnmMic&5mftm&ftm?<D 

KIBB«*nt*BI7*oT, (a) tt 
«£E*9i*n^-*w*^-rH, (b) tt«BE£BMinLfc» 
«r^-T0T-feSo 

[07] *aW©»4©H««IJfC«SSRn««3lfijR : ?* 
^f»rffi0T'fe5o 

[0 8 ] *%W<D% 4 ©H*flf!lfc«5 jg^»«)tjR?0 
x*/l/ip-^^K«IJi*^-r*SH-e»oT, (a) It 
nj£*mnt £fi}£jjVf0, (b) tt*BE*9«raLfc» 
0T-&5„ 

[09] *fg^^2^0>J{C^§^^^?^ 
fWffi0T&3 o 

[01 0] ^*©^^^?%^-T»Tffi0T*fe5o 

1, 2 0. 4 0, 6 0, 8 0, 100 '.XMm&tilifr 
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